SUMMARY A study was made of the incidence of cerebrovascular disease, the chronological trends, and the relationship between the disease types and risk factors in 16,491 citizens of Hiroshima and Nagasaki. The subjects underwent medical examhiation at least once between 1958-74, and were free of cerebrovascular disease at the initial examination. During the 16-year period, 1.162 cases of cerebrovascular disease developed in the study population!, with diagnosis definite in 621. By type, there were 108 cases of cerebral hemorrhage, 469 cases of cerebral infarction, 33 cases of subarachnoid hemorrhage, and 11 cases of other unclassifiable types. As a risk factor of cerebral hemorrhage, elevation of systolic and diastolic blood pressure was the most closely related to onset, and left ventricular hypertrophy on electrocardiogram (ECG), and proteinuria were also related. However, a tendency was seen for the risk to be higher when the levels of serum cholesterol were lower. In cerebral infarction, aging like systolic blood pressure, was a most important risk factor. Left ventricular hypertrophy on ECG, proteinuria, and diabetes could also be risk factors. However, the relation to blood pressure, especially diastolic blood pressure, was not so great as in the case of cerebral hemorrhage. Stroke Vol 15, No 4, 1984 IT HAS BEEN REPORTED that cerebrovascular diseases occur at a higher incidence in Japan than coronary heart disease, which by contrast occurs more frequently in Europe and America.
IT HAS BEEN REPORTED that cerebrovascular diseases occur at a higher incidence in Japan than coronary heart disease, which by contrast occurs more frequently in Europe and America.
1 -2 Cerebral arteriosclerosis is considered to be a factor for the high incidence of cerebrovascular diseases in the Japanese, with cerebral arteriosclerosis probably playing a major role. 3 Rickert et al. 4 reported that sclerotic lesions of the coronary artery were very mild in the Japanese despite comparatively marked atherosclerosis of the aorta and cerebral arteries.
According to a recent report, 5 a decrease in the incidence and mortality of cerebrovascular diseases has occurred in the Japanese during the past 10 or more years. There has been a marked decrease of cerebral hemorrhage, and the cerebral hemorrhage to cerebral infarction ratio has tended to decrease yearly. Although there was a reported difference in the risk factors of cerebrovascular diseases by type, the development of both cerebral hemorrhage and cerebral infarction, had a close correlation to hypertension.
Since 1958, the Radiation Effects Research Foundation (RERF) in Hiroshima and Nagasaki has made biennial clinical examinations on the members of its Adult Health Study (AHS) and also detailed studies of deaths occurring in the sample.
The incidence of cerebrovascular diseases in the period 1958-64 has already been reported. 8 The present report extends the follow-up period to 1974 and observes by type of cerebrovascular disease (cerebral hemorrhage, cerebral infarction), the yearly changes in the incidence, and the risk factors involved.
Materials and Methods
The AHS sample comprised 19,961 subjects when it was established in 1950.' Of these, 18,566 were living when the 1st Cycle Examination commenced in 1958 and 16,711 were examined at least once during the study period (table 1) . At the time of the RERF biennial examination, clinic history taking, general physical examination, blood pressure test, chest X-ray, 12-lead ECG examination, general blood tests, urinalysis, stool, serum cholesterol, specific anthropometric determinations, and blood sugar test (to those with positive urine sugar) are performed. The methods of examination have been described in detail previously. 10 The authors reviewed the clinical records, autopsy protocols, and death certificates of 1,162 study subjects diagnosed as having cerebrovascular disease (No. 430-438, International Statistical Classification of Diseases and Causes of Death, 8th Revision). Further, four grades of certainty of diagnosis were established according to the diagnostic standard shown in table 2 to make it possible on the one hand to distinguish on the basis of reliable data the group with the highest possibility of having cerebrovascular disease, and on the other hand, to gather as many cases as possible with even the slightest sign of the disease by taking up 11 In the present analysis of risk factors, study was made of the relation between such examination findings as systolic blood pressure, diastolic blood pressure, serum cholesterol values, relative body weight, ECG findings, and incidence of cerebral hemorrhage and cerebral infarction. The degree of relation was indicated using age adjusted morbidity, and statistical evaluation of the relation was made by Mantel-Haenszel's X 2 -test. lu Multiple regression analysis was made to study the relation of various risk factors.
Results (1) Incidence of cerebrovascular diseases i) By Sex and Age
The number of cases of definite (including probable cases) and possible cerebrovascular disease (including indefinite cases) occurring during the 16-year period from the 1 st Cycle Examination to December 31,1974 was 1,162 (603 males, 559 females) (table 3) . Of this number, 621 were definite cases. By sex and age, the incidence was marked from the age of 45 in males, and increase was noted from the age of 55, 10 years later, in females, and although incidence was increased with age in both, it was higher in males than in females. By type, 108 (17.4%) of the 621 definite cases were cerebral hemorrhage, 469 (75.5%), cerebral infarction, 33 (5.3%) subarachnoid hemorrhage, and 11, unclassifiable. The incidence increased with age in both types, but the proportion of younger persons who developed cerebral hemorrhage was greater than that for cerebral infarction. Therefore, although the ratio of cerebral hemorrhage to cerebral infarction was 1:4.5 for all ages, it was by age 1:1.5 in the 35^44 age group, 1:2.2 in the 45-54 age group, 1:3.0 in the 55-64 age group, 1:7.8 in the 65-74 age group, and 1:5.4 in the 75-andover age group. 2 Cases with sudden onset of clouding of consciousness accompanied by elevation of blood pressure, but not by fever, who expired within 7 days after onset.
Possible Death Certificate and Clinical Data
Entered as "cerebrovascular disease" in Death Certificate, but without supporting data or evidence.
Clinical Data
1. Cases in whom clouding of consciousness, speech disorder, or disorientation persisted for at least I week, and in whom diseases other than cerebral vascular disease cannot be considered.
2. Cases with abnormal neurological findings consistent with cerebrovascular disease, but without definite unilateral symptoms.
Indefinite Death Certificate and Clinical Data
Entered as "cerebrovascular diseases suspected" in Death Certificate, but without supporting clinical data or evidence.
Clinical Data
Cases with hemiplegia or unilateral symptoms, but considered as caused by diseases of the central nervous system and not by cerebrovascular disease.
CEREBROVASCULAR DISEASE IN HIROSHIMA AND NAGASAKI/Z.;Vi et al ii) Secular Trend
The secular trend of cerebrovascular disease incidence was shown in figure 1. The incidence tended to decrease with time in both males and females and in all age groups, but the tendency was especially drastic in Nagasaki. Not only the incidence of cerebral hemorrhage but also the incidence of cerebral infarction decreased with time.
(2) Risk factors
The systolic and diastolic blood pressure, serum cholesterol, relative body weight, left ventricular hypertrophy on ECG, diabetes hematocrit volume and protein uria at initial examination, and also smoking and drinking history, triglyceride value and hemoglobin level, were considered as risk factors in the present analysis. However, smoking and drinking history, triglyceride value and hemoglobin level were excluded from the present study, because no statistically significant differences were found on analysis (table 4) .
i) Systolic Blood Pressure
The risk of cerebral hemorrhage was relatively higher, the higher the systolic blood pressure. The incidence of cerebral hemorrhage was, in males, 4 times higher in the 140-179 mmHg group and 8 times higher in the 180 mmHg-and-over group than in the normotensive (110-139 mmHg) group. Although the degree of association was less striking, the risk of cerebral infarction also increased with elevation of systolic blood pressure. Compared with the normotensive group, the incidence of cerebral infarction was 2 times higher in the 140-179 mmHg group, and as much as 4 times higher in the 180 mmHg-and-over group. This finding was the same for both males and females.
ii) Diastolic Blood Pressure
As in the case of systolic blood pressure, incidence of cerebral hemorrhage increased markedly with elevation of diastolic blood pressure. Compared with the diastolic normotensive (70-89 mmHg) group, it was 4 times higher in males and 3.5 times higher in females in the 90-109 mmHg group, and 9 times higher in males and 16 times higher in females in the 100 mmHg-or-over group. Incidence of cerebral infarction also increased with elevation of diatolic blood pressure, but the relative risk was smaller compared with cerebral hemorrhage.
Hi) Relative Body Weight
Relative body weight was used as the index of obesity. 14 The risk of cerebral hemorrhage showed the socalled U shape, tending to be high in the lowest and the highest relative body weight groups. This tendency was markedly evident especially in males. The risk of cerebral infarction also appeared to show the U shape same as the risk of cerebral hemorrhage.
iv) Serum Cholesterol Level
The serum cholesterol level was determined as a part of every Cycle Examination by the method of Abell et al 13 for the period 1958-64 and autoanalyzer has been used since 1965. The relative risk of cerebral hemorrhage in males indicated the U shape, it being high in the groups with high and low levels of serum cholesterol at initial examination. This was not evident for females. On the other hand, hardly any significant relation was observed between the two for both males and females in regard to cerebral infarction. However, as blood pressure tends to be high in the high cholesterol group, the relation to serum cholesterol was observed by blood pressure level, dividing the subjects by systolic blood pressure into two groups, less than 140 mmHg and 140 mmHg and over ( fig. 2) . The relative risk of cerebral hemorrhage tended to be the higher, the lower the serum cholesterol level in both the low and the high blood pressure groups, and this tendency was especially marked in males. Though not as marked as cerebral hemorrhage, cerebral infarction also presented in males a tendency for the relative risk to be the higher the lower the cholesterol level. However, this tendency was not evident in females.
v) Left Ventricular Hypertrophy on ECG
The condition was evaluated as left ventricular hypertrophy when it included 3-1,4-1, 4-2, or 4-3 and 5-1, 5-2, or 5-3 of the Minnesota Code. The relative risks of cerebral hemorrhage and cerebral infarction was each 2-3 times higher in the group with the finding of left ventricular hypertrophy on ECG at initial examination than in those who presented no such finding.
vi) Diabetes
The condition was evaluated as diabetes when a diabetic blood sugar curve was observed in 50 or 100 g glucose tolerance tests, based on the criteria recommended by the Japan Diabetes Society. 16 According to this, the relative risk of cerebral hemorrhage tended to be high in diabetics, but the difference was not statistically significant. The risk of cerebral infarction was significantly high in females only.
vii) Combination of Hypertension and Other Factors
The effect on cerebrovascular disease was studied for hypertension alone and in combination with other risk factors ( fig. 3) . Proteinuria, diabetes and electrocardiographic abnormality were used as risk factors other than hypertension. Cerebral hemorrhage and cerebral infarction both showed a high relative risk with hypertension alone, but the relative risk rose drastically when it was combined with other risk factors. This tendency was strong in cerebral hemorrhage. Groups with only factors other than hypertension showed no great relative risk.
viii) Multivariate Analysis
Since some of the risk factors under consideration are interrelated, multiple regression analysis was made to ascertain the individual effect of the factors with consideration of their interrelation. Nine variables were used, namely, systolic blood pressure, diastolic blood pressure, serum cholesterol level, relative body weight, hematocrit volume, proteinuria, diabetes, left ventricular hypertrophy on ECG, and age. Table 5 shows the standardized regression coefficients, by type of cerebrovascular disease, and sex.
Among the various factors, systolic blood pressure had the greatest effect in the cerebral hemorrhage and this was followed by diastolic blood pressure, proteinuria, left ventricular hypertrophy, and age in the order given. In cerebral infarction, the factors having significant positive effect were, in the order of the magnitude of their effect, systolic blood pressure, age, left ventricular hypertrophy, proteinuria, diabetes, and hematocrit volume, and the factors having significant negative effect was cholesterol level. The significant negative association of diastolic pressure with the risk of cerebral infarction is an artefact due to a high correlation between systolic pressure and diastolic pressure. Systolic blood pressure was a factor with the greatest effect in both cerebral hemorrhage and cerebral infarction, but diastolic blood pressure presented significant effect only in cerebral hemorrhage. Though not a factor with too strong an effect in cerebral hemorrhage, age was a factor equally as important as systolic blood pressure in cerebral infarction.
Discussion
In the present study, a secular trend of declining incidence was noted for both cerebral hemorrhage and cerebral infarction. Probable causes of this decrease in 
14074
•Significant (p < 0.05).
the incidence of cerebral hemorrhage and cerebral infarction with time are chronologically decreased systolic blood pressure, 17 and decreased risk due to chronologically elevated serum cholesterol level.
In a follow-up study made in Hisayama-cho 18 the risk of cerebral hemorrhage was the highest in the hypertensive group 40-59 years of age and cerebral infarction occurred at a significantly higher frequency at age 60-or-over in both males and females. On the other hand, the Framingham Study reported that the frequency of nonembolic cerebral infarction increased with age in both males and females. Nearly the same results were obtained in the present study population. The incidence of cerebral infarction in particular increased with age and was the highest in the 75-yearsor-over group. In multivariate analysis also, the regression coefficients of age were lower than those of other factors in cerebral hemorrhage, but like systolic blood pressure they were the highest in cerebral infarction, suggesting that age is important as a risk factor of cerebral infarction.
It is accepted in numerous study reports that hypertension is the most important as a risk factor of cerebrovascular diseases. 19 " 21 In the present study the risk of cerebral hemorrhage increased markedly with elevation of both the systolic and the diastolic blood pressure. The results of multivariate analysis also demonstrated that systolic blood pressure was the most important of the various risk factors, followed by diastolic blood pressure. The relative risk levels of systolic and diastolic blood pressure were lower, and the effect of blood pressure smaller, in cerebral infarction than in cerebral hemorrhage.
By multivariate analysis, systolic blood pressure was the most important factor, but diastolic blood pressure could not be said a significant risk factor. The follow-up study of Hisayama-cho 22 showed that the risk of cerebral hemorrhage was the greater the higher the blood pressure -especially the level of diastolic blood pressure -and the longer it persisted, and the risk of cerebral infarction was the greater the higher the level of both the systolic and diastolic blood pressure.
As regards the relation between relative body weight and cerebrovascular disease, the risk tended rather to be the higher the smaller the relative body weight, but this was not so pronounced as in the base of serum cholesterol whereby the incidence of cerebrovascular disease decreased with serum cholesterol value.
It has been reported recently with regard to serum cholesterol level and development of cerebral hemorrhage that the incidence of cerebral hemorrhage was high in the group with the lowest serum cholesterol level. 23 In the present study, the risk was high in males in the high and low cholesterol groups and presented a U shape. Okada et al. 21 reported similar results. However, on observation by systolic blood pressure level because blood pressure also tended to be high in the high cholesterol group, a tendency was found for the risk to be the higher the lower the cholesterol level in both the low and high blood pressure groups. In multivariate analysis also, serum cholesterol presented a minus regression coefficient and its effect on development of cerebral hemorrhage was the greater the lower its level. On the other hand, many reports have not found significant a relation between cerebral infarction and serum cholesterol level. 21 -24 In the present study also, no significant correlation was found for any serum cholesterol level in males nor females regarding its relation to development of cerebral infarction, but on observation by blood pressure level the risk in males tended to be the higher the lower the cholesterol level though this was not so marked as in the case of cerebral hemorrhage. It is characteristic of development of cerebral infarction in the Japanese that there is, above all, a limited involvement of serum cholesterol, and Kuller and Reisler" have made a report which supports this. Kiefferetal. 26 inaJapan-U.S. collaborative study on cerebrovascular disease reported that whereas intracranial vascular lesions were more frequent in the Japanese, extracranial vascular lesions were more frequent in American whites. Kameyama and Yamanouchi 27 reported that infarction of extra-cranial artery was rare in autopsy confirmed cases of cerebral infarction in the Japanese and atherosclerosis was severer in the intracranial artery. Konishi 3 reported that development of cerebral infarction was much affected by arteriosclerosis in the cerebral parenchyma in addition to atherosclerosis of the basilar artery, and hypertension was more involved in its formation than abnormality of lipid metabolism. Recently, Kato 28 and Mitsuyama et al. 29 made similar reports in the Ni-HonSan Study.
Many reports show a high frequency of cerebrovascular diseases in hospitalized diabetics, but there is as yet no established theory concerning their decreased glucose tolerance level. 30 In the Framingham Study a 5-fold higher incidence of cerebrovascular diseases was found in the 120 mg/dl-or-over blood sugar level group as measured by blood sugar determination, and a significant risk of cerebrovascular diseases was found in also the 110-119 mg/100 ml group, especially in females. In the Hisayama-cho Study also, cerebral thrombosis was found to have occurred at a high frequency in diabetics, and a significant correlation was noted between diabetic glucose tolerance abnormality and cerebral infarction in autopsy cases also. 31 In the present study a tendency was seen for both cerebral hemorrhage and cerebral infarction to be frequent in cases of diabetics.
Many studies have found a significant correlation between ECG abnormalities and development of cerebrovascular diseases. 6 8 •" A follow-up of the Framingham Study showed that the risk of ischemic cerebral disease was 3-fold greater in those who presented QRS high voltage on ECG and the risk of cerebral infarction was as much as 9-fold higher in the group with left ventricular hypertrophy. 2 The Hisayama-cho Study also found a high incidence of cerebral infarction among study subjects applicable to any one or more of the Minnesota codes I, III, IV 1-3. 6 In the present study the risk of cerebral hemorrhage and cerebral infarction was high in the group with left ventricular hypertrophy (QRS high voltage + ST depression).
The decreased incidence of cerebrovascular diseases, especially the remarkable decrease of cerebral hemorrhage, is not to be understood merely as the result of hypertension control by the widespread use of hypotensors, for there is, of course, also the effect of improvement of the living environment. In any case, although many risk factors of cerebrovascular diseases are closely interrelated, almost all of them except aging, namely, high blood pressure, left ventricular hypertrophy on ECG, diabetes, serum cholesterol and obesity, are controllable, so that incidence and mortality of cerebrovascular diseases can be expected to decrease further as the risk factors of cerebrovascular diseases are controlled by improvement of living environment factors such as balanced nutrition, treatment of diabetes, etc., not to mention control of high blood pressure.
